Four Gram-positive cocci were isolated from the cerebrospinal fluid or blood of four different patients, but they could not be identified by an automated conventional identification system, so they were identified using cellular fatty acid (CFA) composition analysis and 16S rRNA gene sequencing analysis. Of these, two strains (SMC-A2662 and SMC-A5889), which were previously supposed to be Rothia dentocariosa according to the API Coryne system, were identified as Rothia aeria by the 16S rRNA gene analysis. SMC-A608, which was unidentified by both the VITEK2 and API Coryne systems, was identified as Rothia mucilaginosa. The one remaining SMC-2244 T was distinguished from the other Rothia species by its biochemical profile, its CFA composition and its 16S rRNA gene sequence. Phylogenetic analysis showed that it was closely related to Rothia nasimurium but the 16S rRNA gene sequence dissimilarity of 1.8% was enough to differentiate it from R. nasimurium. Based on both the phenotypic and phylogenetic evidence, we propose a new species name for this bacterium, Rothia arfidiae sp. nov. The results of this study show that several Rothia species were isolated from human and we have identified them using 16S rRNA gene sequences.
INTRODUCTION
The genus Rothia was firstly proposed in 1967 with designating Rothia dentocariosa as the type of species (1) 
R. dentocariosa has long been recognized as the only species of the genus Rothia, although intraspecific heterogeneity has been observed (2) . However, several novel Rothia species were recently described: Rothia nasimurium, Rothia mucilaginosa, Rothia amarae, and Rothia aeria (3~5). R. dentocariosa is a common colonizer of the human oral cavity, but it has also been reported to be a cause of serious infections such as endocarditis and bacteremia (6, 7) .
Although R. aeria had been recognized as R. dentocariosa and designated as R. dentocariosa genomovar II, based on a partial 16S rRNA gene sequence and the whole cell protein analysis (8) , it was later proposed as being a distinct species (5) . At present, correct identification of Rothia is difficult, and this is partly because of its rarity. Although chemotaxonomic identification using API Coryne test strips (bioMériuex, Hazelwood, MO, USA) is recommended for R. dentocariosa, further confirmation by an alternative 159 method is required (9) . Moreover, other Rothia species could not be identified with using such a chemotaxonomic method.
When attempting to identify microorganisms that were unidentified by conventional methods in our clinical microbiology laboratory using 16S rRNA gene sequencing in 2004, we found four isolates belonging to the genus Rothia.
In this paper, we identified these four Rothia isolates and we propose a novel Rothia species, Rothia arfidiae sp. nov. based on the phenotypic and phylogenetic analyses.
MATERIALS AND METHODS

Bacterial isolates
The four isolates described in this paper were isolated from four different patients in 2004. The ages and underlying diseases of the patients were variable. The bacterial organisms were isolated from sterile sites such as cerebrospinal fluid or blood (Table 1) . They were all gram-positive cocci and grew on blood agar at 37℃. They could not be identified by conventional automated methods such as VITEK2 (bioMérieux) and MicroScan (Dade-Microscan, Sacramento, CA, USA), and so these bacteria were submitted to the API Coryne system (bioMérieux), for cellular fatty acid (CFA) composition analysis and molecular identification with using 16S rRNA gene sequencing.
CFA compositions and 16S rRNA gene sequencing
The CFA compositions were examined using a Hewlett Packard 6890A GC and the MIDI aerobe method (Chem Station ver. 4.02) at MicroID (Seoul, Korea). For performing PCR of the 16S rRNA gene, the genomic DNAs of the four isolates were extracted from bacterial colonies by a simple boiling-lysis method (10) . In brief, the colonies were suspended in lysis buffer (100 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, and 1% Triton X-100), and they were incubated at 90℃ for 10 min. 
Phylogenetic analysis
The 16S rRNA gene sequences of the four bacterial isolates were compared with those of the GenBank database and they were aligned using the CLUSTAL X program. Phylogenetic relationships were determined by the Neighbor-joining (NJ) method. Bootstrap analysis with 1,000 replications was also performed to test the robustness of the groupings.
Nucleotide accession numbers
The 16S rRNA gene sequences of the four isolates 
RESULTS
Biochemical profiles
The biochemical profiles of the four isolates, which were repeatedly determined by using the API Coryne system, are shown in Table 2 . Two isolates, SMC-A5889 and SMC-A2662, were identified as R. denticoriosa by the API Coryne system. They were positive for nitrate reduction, pyrrolidonyl arylamidase, esculin hydrolysis, α-glucosidase, and catalase, and they were negative for alkaline phosphatase, β-glucoronidase, β-galactosidase, N-acetyl-β-glucosaminidase, urea and gelatin hydrolysis. They fermented glucose, maltose, and sucrose, but not gelatin, ribose, xylose, mannitol, lactose, and glycogen. These characteristics are identical to those of previously described R. denticoriosa and R. aeria strains (5, 6, 12) . The other two isolates could not be identified using the API Coryne system. The isolate SMC-2244 T differed from SMC-A5889 and SMC-A2662
in that it was negative for pyrrolidonyl arylamidase and positive for alkaline phosphatase. Another isolate SMC-A6087 was negative for nitrate reduction, alkaline phosphatase, α-glucosidase, and catalase, but it was positive for pyrrolidonyl arylamidase (Table 2) .
Cellular fatty acid composition
The CFA compositions of the four Rothia isolates are shown in Table 3 . 
16S rRNA gene analysis
We Of the several dozens of unidentified isolates that were isolated at Samsung Medical Center (Seoul, Korea), we identified four isolates as Rothia species. It has not yet been proved that these isolates caused true infection in patients.
However, it is important to identify Rothia species because they may often cause serious infections such as endocarditis and bacteremia (6, 7, 13) . In this study, two R. aeria isolates (SMC-A5889 and SMC-A2662) were identified. The API Coryne system identified SMC-A5889 and SMC-A2662 as R. dentocariosa, but the 16S rRNA gene sequence analysis indicated that they belong to R. aeria rather than to R. dentocariosa (Fig. 1) . R. aeria is closely related to R. dentocariosa as they show similar biochemical characteristics, Figure 1 . Phylogenetic relationships of four Rothia isolates based on 16S rRNA gene sequences. This tree was constructed using the Neighbor-joining method and bootstrap values were evaluated from 1,000 replications. The scale bar indicates the estimated number of substitutions per 100 nucleotides. Micrococcus lylae d10 was used as an outlier.
and R. aeria has been described as R. dentocariosa genomovar II (8) . CFA composition analysis also could not differentiate R. aeria from R. dentocariosa (5) . However, phylogenetic analysis using the 16S rRNA gene sequence and DNA-DNA hybridization analysis indicated that R. aeria is distinct from R. dentocariosa (5) , which was also confirmed in this study.
One isolate, SMC-A6087, was identified as R. mucilaginosa as they showed 99.9% similarity with performing 16S rRNA gene sequencing. R. mucilaginosa, previously known as Stomatococcus mucilaginosa, is usually a colonizer of the human oral cavity and pharynx (3, 8) . However, it is also an opportunistic pathogen that can be responsible for endocarditis, sepsis, peritonitis and infections associated with tissue and organ transplantations (14) . According to the biochemical profile, R. mucilaginosa can be differentiated from other opportunistic human pathogenic Rothia species such as R. dentocariosa and R. aeria because it is negative for nitrate reduction, α-glucosidase, and catalase ( Table 2 
